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TITLE OF THE INVENTION 

HIGH DEVELOPING VOLTAGE SUPPLY APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of Korean Application No. 2002-61210, filed 
October 8, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a laser printer, and more particularly, to a high 
developing voltage supply apparatus for developer-fixed non-contact-type color laser 
printers. 

2. Description of the Prior Art 

[0003] A laser printer is a device designed to reproduce images on a printing medium 
and has advantages of low noise and fast speed. The laser printer generally performs 
printing jobs on the printing medium while sequentially carrying out operations such as 
electric charge - exposure to light - development - transfer - cleaning - electric discharge, 
for which the laser printer is provided with diverse mechanisms and electric circuits. 

[0004] FIG. 1 is a view schematically showing a structure of a conventional developer- 
moving color laser printer. The developer-moving color laser printer has an organic photo 
conductor(OPC) drum 10, an electric charge unit 20, a laser scanning unit(LSU) 30, a 
development unit 40, a transfer unit 50, and a cleaning unit 60. In addition to the above, 
the laser printer includes a fixing unit, an electric discharge unit, an electric power supply 
unit, a high-voltage supply unit, an engine control unit, which are not shown. 

[0005] The electric charge unit 20 electrically discharges a high-voltage to a surface of 
the OPC drum 10 to electrically charge the surface of the OPC drum 10 with positive(+) 
and negative(-) charges. 
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[0006] The LSU 30 scans the surface of the OPC drum 10 with a laser beam, based on 
an image to be printed to form an electrostatic latent image on the charged surface of the 
OPC drum 10. 

[0007] The development unit 40 has development rollers, each associated with a color, 
and supplies toner on the surface of the OPC drum 10 on which the electrostatic latent 
image is formed. 

[0008] The transfer unit 50 has a transfer belt 50a and a convey unit 50b moving the 
belt 50a, so as to transfer to the printing medium a toner image developed on the OPC 
drum 10. 

[0009] Further, the cleaning unit 60 is closely installed nearby the surfaces of the OPC 
drum 10 and the transfer belt 50a, respectively, to remove the toner remaining on surfaces 
of the OPC drum 10 and the transfer unit 50. 

[0010] In the laser printer as described above, the electric charge unit 20 electrically 
charges the surface of the OPC drum 10, and the LSU 30 scans the electrically charged 
surface of the OPC drum 10 with the laser beam based on the image to be printed so as to 
form the electrostatic latent image on the surface of the OPC drum 10. Further, the toner 
is applied to the surface of the OPC drum 10 through individual development rollers K, M, 
C, and Y by color, of the development unit 40 Accordingly, the toner image is formed on 
the surface of the OPC drum 10. At this time, the individual development rollers K, M, C, 
and Y are initially spaced at a predetermined distance from the OPC drum 10, and only the 
development roller K, M, C, or Y for the color to be used for printing moves toward a 
direction of the OPC drum 10 by a driving development unit in the development unit 40. 
Further, the development roller K, M, C, or Y keeps a predetermined gap from the OPC 
drum 10 and performs the development by an applied voltage. Thereafter, the toner 
image formed on the surface of the OPC drum 10 is transferred to the surface of the 
transfer belt 50a, and the toner image transferred to the transfer belt 50a is transferred 
again to the printing medium being fed. The image-transferred printing medium is fixed 
onto the printing medium by the fixing unit (not shown) and externally discharged from the 
printer. At this time, the toner remaining on the transfer belt 50a and the OPC drum 10 is 
removed by a blade 60a of the cleaning unit 60 contacted on the surfaces of the belt 50a 
and the drum 10 so that the belt 50a and the drum 10 can be prepared for a next image. 
Once removing of the toner is completed, the electric charges existing on the surface of 
the OPC drum 10 are removed in order for the drum 10 to return to the initial state. 
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[0011] In the printing process of the above developer-moving color laser printer, the 
development of the toner image is achieved by sequentially moving the individual 
development rollers Y, M, C, and K, that is, yellow(Y), magenta(M), cyan(C), and Klack(B) 
toners to the surface of the OPC drum 10 based on color characteristics of image data. 

[0012] Further, in an operation in which a toner image formed on the surface of the 
OPC drum 10 is transferred to the printing medium, the toner image formed on the surface 
of the OPC drum 10 is superimposed and transferred onto the transfer belt 50a, and the 
toner image superimposed onto the transfer belt 50a is transferred on the printing medium 
at one time. Accordingly, in order to print one color image, the OPC drum 10 and the 
transfer belt 50a has four times a revolution speed respectively. 

[0013] However, the laser printer using the developer-moving non-contact developing 
method as described above has a problem in that, as the development roller move to the 
OPC drum 10, the revolution speed of the OPC drum 10 decreases due to a shock of the 
OPC drum 10 and, as the development rollers are released from the OPC drum 10, the 
revolution speed of the drum 10 increases so that bending occurs on the printing medium 
due to the changes to the revolution speed of the OPC drum 10. 

[0014] In order to solve the problem of deterioration of the image quality due to the 
changes of the revolution speed of the OPC drum 10 in the developer-moving non-contact 
laser printer as described above, a developer-fixed non-contact laser printer has been 
developed to carry out the developments while keeping a certain gap from the OPC drum 
10 without moving the development rollers Y, M, C, and K. 

[0015] The developer-fixed laser printer performs developments without moving the 
developers in the state that all of the development rollers Y, M, C, and K maintain a 
predetermined gap from the OPC drum 10, respectively. Further, a high developing 
voltage supplied to the respective developers is controlled in use of mechanical contacts. 

[0016] FIG. 2 is a view showing an electrical circuit for a high developing voltage 
supply apparatus of the conventional developer-fixed non-contact color laser printer. The 
high developing voltage supply apparatus has a high developing voltage power supply 
(HVPS) 42 for supplying the high voltage in order for the toner to move to the OPC drum 
10 from the fixed development rollers Y, M, C, and K by color respectively, a high voltage 
driver 44 for selectively outputting a high voltage color drive signal to apply a high 
developing voltage supplied from the high developing voltage supply 42 to respective color 
development rollers Y, C, M, and K based on the images to be printed, and solenoid power 
switches S Y , S c , S M , and S K switching the high developing voltages supplied from the high 



3 



1349.1227 



developing voltage supply 42 to the color development rollers Y, C, M, and K in response 
to a color driving signal outputted from the high voltage driver 44. In FIG. 2, a reference 
numerals 'C A *' denote a capacitance due to a gap between the individual color 
development rollers Y, M, C, and K and the OPC drum 10, and 'CP' capacitance of the 
OPC drum 10 of a dielectric substance. 

[0017] In order to perform the developments in the non-contact-type color laser printer, 
the high voltage is supplied by adding an AC voltage to a DC voltage because an electric 
field decreases in an inverse proportion to the gap of the OPC drum 10 and the 
development rollers Y, M, C, and K causes toner to move from development roller Y, M, C, 
or K to the OPC drum 10. That is, when a high AC voltage V A c is applied to the 
development roller, the toner moves to the OPC drum 10 if a developing vector is negative 
when a minus toner is used. The toner in the developer does not move if the developing 
vector is positive, because a direction in which the toner moves is determined based on 
the developing vector (a DC component of a developing bias - a potential of the surface of 
the OPC drum 10). 

[0018] FIG. 3 and FIG. 4 are views for showing a voltage waveform and an electric 
field waveform, respectively, when the AC voltage is superimposed to the DC voltage. 
Because the developing vector is positive, the toner is not applied to the OPC drum 10, but 
stays on the surface of the development roller. Further, if the developing vector becomes 
negative, the component of a developing electric field toward the OPC drum 10 becomes 
relatively larger so that the toner is applied to the OPC drum 10. 

[0019] However, in the developer-fixed laser printer as above, when a developing 
operation is performed, a development roller to which a high developing voltage is not 
applied has charges induced from the charges of the surface of the development roller and 
an ambient charges because the metal shaft of the developer roll is installed floated so 
that the potential of the metal shaft becomes very unstable. Accordingly, if a development 
has been made on the surface of the OPC drum 10 by a color toner of one of the 
development rollers and the developing vector becomes positive, as shown in FIG. 5, the 
toner developed on the surface of the OPC drum 10 by a preceding color developer 
reversely moves to the surface of the the one of the development rollers, causing a 
problem of producing cross contamination upon printing. The cross contamination 
changes the colors of the image, which becomes a cause degrading image quality. 
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SUMMARY OF THE INVENTION 

[0020] In order to solve the above problems, according to an aspect of the present 
invention, there is provided a high developing voltage supply apparatus for developer-fixed 
non-contact color laser printers, which stably maintains potentials of respective metal 
shafts of development rollers not performing developing operations to enable high-quality 
printings. 

[0021] Additional aspect and/or advantages of the invention will be set forth in part in 
the description which follows and, in part, will be obvious from the description, or may be 
learned by practice of the invention. 

[0022] According to an aspect of the present invention, includes a high developing 
voltage supply supplying a high developing voltage to developer roll shafts of fixed color 
development rollers to transfer toner to an organic photo conductor (OPC) drum from the 
fixed color development rollers; a high developing voltage driver selectively outputting a 
high voltage driving signal based on an image to be printed to selectively apply the high 
developing voltage to one of the fixed color development rollers; developer power switches 
switching the high developing voltage supplied to the fixed color development rollers in 
response to the high voltage driving signal output from the high voltage driver; and a DC 
voltage supply supplying a predetermined DC voltage to the other fixed color development 
rollers excluding the one of the fixed color development rollers supplied with the high 
developing voltage. 

[0023] In here, the high developing voltage comprises a DC voltage and an AC voltage 
superimposed. 

[0024] The DC voltage supply includes a DC voltage supply providing uthe 
predetermined DC voltage; and resistors connected between the DC voltage supply and 
the fixed color development rollers to supply the predetermined DC voltage output from the 
DC voltage supply to the other fixed color development rollers for developing operations of 
the image to be printed, as the high developing voltage is applied to the one of fixed color 
development roller for the developing operations. 

[0025] According to an aspect of the present invention, there is provided another high 
developing supply apparatus includes a high developing voltage supply supplying a high 
developing voltage to developing roll shafts of developers in order for toner to move from a 
plurality of fixed color developers to an OPC drum; a high developing voltage driver for 
selectively outputting a high voltage driving signal based on an image to be printed in order 
for the high developing voltage to be selectively applied to the fixed color development 
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rollers; developer power switches switching the high developing voltage to the fixed color 
developers in response to the high voltage driving signal; and a voltage divider dividing 
and supplying the high developing voltage to the fixed color developers remaining except 
for the fixed color developer supplied with the high developing voltage. 

[0026] In here, the DC level of the high developing voltage is set to be a negative 
voltage when the toner is an electrically negative toner and is set to be a positive voltage 
when the toner is an electrically positive toner. 

[0027] The voltage divider divides the high developing voltage with the resistors 
connected between the one of the fixed color development rollers selected for developing 
operations and the other fixed color development rollers not selected for the developing 
operations, and the resistors are determined based on an impedance formed by a 
capacitance due to a gap between the OPC drum and each of the fixed color development 
rollers and capacitance due to the OPC drum. 

[0028] According to an aspect of the present invention, there is provided a high 
developing voltage supply apparatus including solenoid power switches; a high developing 
voltage driver selectively outputting a solenoid driving signal to close one of the solenoid 
power switches to electrically close a corresponding mechanical contact, applying a high 
developing voltage to one of color development rollers corresponding to the mechanical 
contact closed and Kased on an image to be printed; and a high developing voltage supply 
supplying the high developing voltage to developing roll shafts of the other color 
development rollers to stabilize potentials of the developing roll shafts. 

[0029] According to an aspect of the present invention, there is provided a high 
developing voltage supply apparatus including solenoid power switches; a high developing 
voltage driver selectively outputting a solenoid driving signal to close one of the solenoid 
power switches to electrically close a corresponding mechanical contact, applying a high 
developing voltage to one of color development rollers corresponding to the mechanical 
contact closed and Kased on an image to be printed; and a voltage supply supplying a 
self-biased voltage to the other color development rollers using the high developing 
voltage formed with a DC voltage V DC and an AC voltage V A c superimposed. 

[0030] As stated above, the high developing voltage supply apparatus, according to an 
aspect of the present invention, can prevent toner developed on a surface of an OPC drum 
from further moving to a developing roll because developers remaining except for one of 
the developers performing the developing operations become stable with a predetermined 
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DC potential based on a high developing voltage or a DC voltage providded from the DC 
voltage supply. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] These and/or other aspects and/or advantages of the invention will become 
apparent and more readily appreciated from the following description of the embodiments, 
taken in conjunction with the accompanying drawings of which: 

FIG. 1 is a view schematically showing a structure of a conventional developer- 
moving color laser printer; 

FIG. 2 is a view showing an electrical circuit for a high developing voltage supply 
apparatus of a conventional developer-fixed color laser printer; 

FIG. 3 and FIG. 4 are views showing a voltage waveform and an electric field 
waveform when a DC voltage is superimposed on an AC voltage; 

FIG. 5 is a view explaining cross contamination; 

FIG. 6 is a view showing an electrical circuit of a high developing supply 
apparatus, according to an aspect of the present invention; and 

FIG. 7 is a view showing an electrical circuit of the high developing supply 
apparatus, according to another aspect of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0032] Reference will now be made in detail to the aspects of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to like elements throughout. The aspects are described below in order to 
explain the present invention by referring to the figures. 

[0033] FIG. 6 is a view showing an electrical circuit of a high developing voltage supply 
apparatus, according to an aspect of the present invention. The high developing voltage 
supply apparatus includes a high developing voltage supply 142, a high developing voltage 
driver 144, developer solenoid power switches S Y , S c , S M , and S K , and a DC voltage 
supply 146. 
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[0034] The high developing voltage supply 142 supplies to developing roll shafts R Y , Rd 
R M , and R K corresponding to individual development rollers Y, C, M, and K (not shown) a 
high developing voltage formed of an AC voltage V A c and a DC voltage V D c superimposed 
in order for toner to move to an OPC drum 10 from the respective fixed development 
rollers Y, C, M, and K. 

[0035] The high developing voltage driver 144 selectively outputs a developer solenoid 
driving signal based on an image to be printed. 

[0036] The developer solenoid power switches S Y , S c , S M , and S K close or open 
mechanical contacts corresponding to the developer solenoid driving signal output from 
the high developing voltage driver 144 so as to transmit the high developing voltage output 
from the high developing voltage supply 142 to the developing roll shafts R Y , Rc, Rm, and 
R K of the respective development rollers Y, C, M, and K. 

[0037] The DC voltage supply 146 includes a first DC voltage supply 146-1 supplying a 
predetermined DC voltage V D ci and resistors R connected between the first DC voltage 
supply 146-1 and the respective color development rollers Y, C, M, and K, and supplies the 
predetermined DC voltage V D ci to the development rollers Y, M, C, and K not selected for 
developing operations when the high developing voltage provided from the high 
developing voltage supply 142 is applied to one of the developers Y, C, M, and K selected 
for the developing operations. 

[0038] The high developing voltage supply apparatus, as described above, selectively 
outputs the solenoid driving signal from the high developing voltage driver 144 to 
electrically close the mechanical contacts of one solenoid power switch out of the four 
solenoid power switches S Y , S c , S M , and S K . Thereafter, the solenoid power switch 
corresponding to the selectively output solenoid driving signal turns on with the mechanical 
contacts closed, to apply the high developing voltage to the development roller Y, C, M, or 
B selected. At this time, the developing roller shafts R Y , R c , Rm, and R K of the 
development rollers Y, C, M, and K not selected is supplied with the DC voltage V DC i 
output from the first DC voltage supply 146-1 . For example, in case that toner is 
electrically negative and a yellow color is developed for the printing image, the high 
developing voltage driver 144 outputs the solenoid driving signal to the solenoid power 
switch S Y corresponding to the yellow color development roller Y. Thereafter, the solenoid 
power switch S Y for the yellow color turns on with corresponding mechanical contacts 
closed, and switches the high developing voltage output from the high developing voltage 
supply 142 to the metal shaft R Y of the yellow color development roller Y Further, the 
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negative DC voltage V DC i output from the first DC voltage supply 146-1 is applied to the 
development rollers C, M, and K, respectively. 

[0039] As above, if the negative DC voltage V DC i is applied to the metal developing roll 
shafts R c , Rm, and R K of the three remaining developing rollers not selected, the metal 
shafts R c , Rm, and R K are not in the floating state any more, thus, the metal shafts R c , Rm, 
and R K are stabilized in a level of applied DC voltage V DC i. Accordingly, the developing 
vector between the surface of the OPC drum and the respective development rollers M, C, 
and K decreases, so that the toner developed on the OPC drum by the preceding 
development roller Y does not move any further towards the development rollers M, C, and 
K not selected. At this time, if the toner is the electrically positive toner, the first DC 
voltage supply is set to output the positive voltage so as to supply a positive voltage to the 
development rollers M, C, and K not selected. 

[0040] FIG. 7 is a view showing an electric circuit of the high developing voltage supply 
apparatus, according to another aspect of the present invention. The high developing 
voltage supply apparatus, rather than supplying the DC voltage from a separate DC 
voltage supply to the metal shafts of the color development rollers C, M, and K not 
selected, as in the aspect shown in FIG. 6, the high developing voltage supply apparatus is 
constructed to apply a self-biased voltage using the high developing voltage formed with 
the DC voltage V DC and the AC voltage V A c superimposed. That is, for the respective 
developing roll metal shafts R c , Rm, and R K for the colors not selected, the voltage divided 
by a voltage divider through the two resistors is applied. In here, resistors R are 
determined in consideration of the impedances such as developing gap capacitance, and 
OPC drum capacitance of the development rollers Y, M, C, and K in order to obtain an 
appropriate self-biased voltage. 

[0041] The above high developing voltage supply apparatus sets the DC level of the 
high developing voltage formed with the DC voltage and the AC voltage superimposed to 
provide the negative voltage in case that toner is the electrically negative toner and to 
provide a positive voltage in case that toner is the electrically positive toner. Accordingly, 
if the toner is electrically negative, the self-biased voltage supplied to the color 
development rollers not selected becomes the negative level alike. If the toner is 
electrically positive, the self-biased voltage becomes the same positive level. Therefore, 
the developing vector decreases as in the aspect shown in FIG. 6 so that toner 
movements do not occur any further from the OPC drum to the development rollers not 
selected for developing operations. 
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[0042] As stated above, because the high developing voltage supply apparatus of the 
developer-fixed non-contact-type laser printer, according to an aspect of the present 
invention, applies an appropriate DC voltage depending upon a toner corresponding to 
developing roller metal shafts of the development rollers not selected for developing 
operations. Accordingly, the developing vector with the surface of the OPC drum 
decreases preventing cross contamination due to the toner previously developed on the 
surface of the OPC drum and carrying out high-quality printings. 

[0043] Although a few aspects of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in 
this embodiment without departing from the principles and spirit of the invention, the scope 
of which is defined in the claims and their equivalents. 
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